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157Outcomes of nonelective weekend admissions for
lower extremity ischemia
Babak J. Orandi, MD, PhD, MS,a Shalini Selvarajah, MD, MPH,a,b Kristine C. Orion, MD,a,c
Ying Wei Lum, MD,a,c Bruce A. Perler, MD, MBA,a,c and Christopher J. Abularrage, MD,a,b,c Baltimore, Md
Objective: A “weekend effect” has been demonstrated for a number of diagnoses, including many cardiovascular pa-
thologies. Whether patients with lower extremity ischemia admitted over the weekend have inferior outcomes compared
with those admitted on a weekday is unknown.
Methods: Nonelective admissions for critical limb ischemia (CLI) and acute limb ischemia (ALI) from lower extremity
thrombosis or embolism were identiﬁed in the 2005 to 2010 Nationwide Inpatient Sample, and outcomes were compared
based on weekend vs weekday admission by using multiple logistic and linear regression.
Results: Of the 63,768 patients identiﬁed with lower extremity vascular emergencies, 15.4% were admitted during the
weekend. Patients admitted on the weekend were less likely to have CLI than those admitted on a weekday (51.2% vs
65.4%; P < .001) and were more likely to have ALI than patients admitted during a weekday (48.8% vs 34.5%; P <
.001). Weekend admission was independently associated with a lower likelihood of revascularization (adjusted odds
ratio [aOR], 0.90; 95% conﬁdence interval [CI], 0.85-0.95; P < .001), a longer time until revascularization (3.09 days
vs 2.75 days; P < .001), an increased likelihood of major amputation (aOR, 1.35; 95% CI, 1.19-1.53; P < .001), in-
hospital complications (aOR, 1.18; 95% CI, 1.11-1.25; P < .001), and discharge to a skilled nursing facility (aOR,
1.15; 95% CI, 1.06-1.25; P[ .001), and a longer predicted length of stay (10.1 days vs 9.5 days; P < .001). There was
no statistically signiﬁcant association between weekend admission and in-hospital mortality (aOR, 1.15; 95% CI, 1.06-
1.25; P [ .10).
Conclusions: Patients admitted on the weekend for lower extremity vascular emergencies are signiﬁcantly more likely to
experience adverse outcomes, including major amputation, than patients admitted on a weekday, independent of their
presenting diagnosis with ALI or CLI. Further investigation into the etiologies of these differences is needed to address
this disparity. These data raise questions about the proper stafﬁng models to optimize urgent treatment of lower ex-
tremity vascular emergencies. (J Vasc Surg 2014;60:1572-9.)Admission to the hospital on the weekend has increas-
ingly been recognized as a risk factor for adverse outcomes.
This “weekend effect” has been demonstrated across a
diverse range of medical and surgical diagnoses, from
gastrointestinal hemorrhage secondary to peptic ulcer dis-
ease to a number of cancers and to renal failure.1-4
This weekend effect has prompted the United King-
dom’s National Health Service to call for expansion of
availability of senior consultants and diagnostic services
during the weekend by 2017.5 This move, which garnered
signiﬁcant attention in the lay media,6-10 is intended to
minimize the disparity seen in weekend admissions and
improve overall outcomes.1
Whether a weekend effect exists for patients with lower
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2limb-threatening and life-threatening nature of critical limb
ischemia (CLI) and acute limb ischemia (ALI) from lower
extremity arterial embolism or thrombosis and the time-
sensitive nature of intervention, it is plausible that these pa-
tients experience worse outcomes on the weekend, consistent
with other diseases. Accordingly, the objective of this investi-
gation was to perform a population-based study of nonelec-
tive admissions for lower extremity ischemic emergencies to
evaluate for discrepant outcomes between patients admitted
during the week and those admitted over the weekend.METHODS
The Johns Hopkins Institutional Review Board
approved this study.
Study population. We studied all adult (aged
>18 years) patients with a primary International Classiﬁca-
tion of Disease, Ninth Revision (ICD-9), diagnosis code
consistent with CLI (440.22-24) or ALI (444.0, 444.22,
444.81, 445.02) from 2005 to 2010 as identiﬁed in the
Nationwide Inpatient Sample (NIS). The NIS, sponsored
by the Agency for Healthcare Research and Quality
(AHRQ), is a part of the Healthcare Cost and Utilization
Project (HCUP).11 It provides a 20% stratiﬁed sample of
acute care community hospitals in the United States, rep-
resenting w8 million hospitalizations annually.
Patients with a primary ICD-9 code consistent with
CLI who also had a secondary ICD-9 code consistent
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admissions were excluded from the analysis, as were pa-
tients with ICD-9 diagnosis codes consistent with lower
extremity trauma. Finally, the analysis excluded patients
with an ICD-9 procedure code for amputation revision
(84.3) who did not have a corresponding ICD-9 procedure
code for major or minor amputation (deﬁned as amputa-
tion above the level of the foot and amputation at or below
the level of the foot, respectively) for that hospitalization.
Supplementary Tables I and II (online only) list the ICD-
9 diagnosis and procedure codes used in this study. Because
patients were deidentiﬁed in this national database,
informed consent was not obtained.
Revascularization. Patients were identiﬁed as having
undergone inpatient revascularization if they had ICD-9
procedure codes consistent with open or endovascular
revascularization.12 Time until revascularization was the
number of days into the hospitalization that the earliest
revascularization procedure was performed.
Complications and comorbidities. Patient comorbid-
ities were evaluated individually and as a composite score us-
ing the Charlson Comorbidity Index, as has been described
elsewhere.13-15 Brieﬂy, a higher score is associated with a
greater comorbidity burden. The Charlson score was
calculated by a mapping algorithm available in the ICD
Programs for Injury Characterization.16 Complications were
identiﬁed using the appropriate ICD-9 diagnosis codes for
pulmonary complications, wound complications, acute renal
failure, stroke, bleeding complications, cardiac complica-
tions, and the development of compartment syndrome
(Supplementary Table I, online only).
Hospital charges. We presented hospital charges data
as given by the NIS as the median sum charges per hospi-
talization. Charges from 2005 through 2009 were adjusted
for inﬂation to year 2010 dollars.17
Missing data. Of patients undergoing revasculariza-
tion, 18.6% were missing data on the date of revasculariza-
tion, although 96.2% of those missing were from states that
were not reporting that information at that time. Thus, we
were able to account for all but 0.7% of the missing data for
the date of revascularization. Similarly, 19.7% of patients
were missing data on race, although 70.5% of those were
from states that were not reporting that information at
that time. Again, variability in reporting policies across
states accounted for most of the missing race data, with
only 5.8% unattributed to state embargoes on reporting
race information. All other variables were missing in <1%
of cases. For regression modeling, missing data were
managed using case-wise deletion.
Statistical analyses. Patients admitted on the week-
end, deﬁned in the NIS as Saturday (0000-2359) or Sun-
day (0000-2359) were compared with those admitted
during the week using the c2 test for categoric variables,
Student t-test for normally distributed continuous vari-
ables, and Mann-Whitney U test for non-normally
distributed continuous variables. Multivariable logistic
regression models were built to evaluate the associations
between weekend admission and revascularization, majoramputation, the development of any complication,
discharge to a skilled nursing facility, and death. Multi-
variable generalized linear models with a g-distribution
were used for modeling time until revascularization in pa-
tients who underwent revascularization and hospital length
of stay because of the highly skewed nature of these
outcomes.18
Regression models were built using the following vari-
ables that were biologically plausible or signiﬁcant, or both,
on univariate analysis with n > 10: presenting diagnosis
(CLI vs ALI), age, race, insurance status, Charlson Comor-
bidity Index score, patient comorbidities (history of
myocardial infarction, peripheral vascular disease, chronic
obstructive pulmonary disease, diabetes mellitus, and
chronic kidney disease), hospital characteristics (size, urban
vs rural location, and teaching status), and, as appropriate,
minor amputation, major amputation, development of any
complication, and death.
The NIS categorizes hospital bed size as small, me-
dium, or large. The criteria for each category of bed size
depends on the region of the country, hospital teaching
status, and urban vs rural location. The U.S. Ofﬁce of
Management and Budget deﬁnes urban areas as core-
based statistical areas, which are counties associated with
a core population of at least 10,000 people as well as
neighboring counties that are highly integrated socially
and economically with that core. The data for this desig-
nation are based on Census 2000 data.19 Teaching status
of a hospital is based on the presence of any American
Medical Association-sanctioned residency program (ie,
not limited to surgical residencies), membership in the
Council of Teaching hospitals, or a ratio of full-time
equivalent interns and residents to beds >0.25.20 We
chose to adjust for individual comorbidities and overall
Charlson Comorbidity Index score simultaneously
because of relatively little colinearity on exploratory data
analysis and statistical signiﬁcance of the individual
comorbidities despite adjustment for the Charlson Co-
morbidity Index score (and vice versa). P values <.05
were considered statistically signiﬁcant.
In an effort to differentiate in-hospital thrombotic
events that might then prompt a revascularization pro-
cedure from out-of-hospital thrombotic events that
then led the patient to seek medical care, sensitivity an-
alyses were performed in which the multivariable regres-
sion analyses were restricted to patients undergoing
revascularization #7 days and #5 days of admission
to account for lower extremity emergencies that trig-
gered presentation to a hospital rather than in-hospital
events. Our ﬁndings and estimates were robust to this
sensitivity analysis.
To determine whether disparities in outcomes for
weekend admissions exist at centers that would be expected
to have increased availability of staff and resources, we per-
formed the above-mentioned regression analyses for pa-
tients admitted to teaching hospitals only and to large
hospitals only. The statistical signiﬁcance and the magni-
tude of the associations of the outcomes with weekend
Table I. Critical limb ischemia (CLI) and acute limb ischemia (ALI) patient characteristics by weekend vs weekday
admission
Variable Overall (N ¼ 63,768) Weekend (n ¼ 9834) Weekday (n ¼ 53,934) P value
CLI 40,337 (63.3) 5038 (51.2) 35,299 (65.4) <.001
ALI 23,431 (36.7) 4796 (48.8) 18,635 (34.5) <.001
Mean age 6 SD, years 71.0 6 13.9 70.7 6 14.6 71.1 6 13.8 .004
Female 30,582 (48.0) 4994 (50.8) 25,588 (47.5) <.001
Race .20
White 34,841 (54.6) 5439 (55.3) 29,402 (54.5)
Black 9603 (15.1) 1406 (14.3) 8197 (15.2)
Hispanic 4469 (7.0) 700 (7.1) 3769 (7.0)
Other 2258 (3.5) 341 (3.5) 1917 (3.5)
Missing 12,597 (19.7) 1948 (19.8) 10,649 (19.7)
Insurance status <.001
Government 51,327 (80.6) 7773 (79.1) 43,554 (80.8)
Private/HMO 10,513 (16.5) 1671 (17.0) 8842 (16.4)
Uninsured 1857 (2.9) 378 (3.8) 1479 (2.7)
Diabetes mellitus 26,175 (41.0) 3663 (37.2) 22,512 (41.7) <.001
History of myocardial infarction 5722 (9.0) 906 (9.2) 4816 (8.9) .40
COPD 15,706 (24.6) 2522 (25.6) 13,184 (24.4) .01
Chronic kidney disease 15,805 (24.8) 2295 (23.3) 13,510 (25.0) <.001
Dialysis-dependence 6250 (9.8) 868 (8.8) 5382 (10.0) <.001
Charlson Comorbidity Index <.001
0-1 20,830 (32.7) 3636 (37.0) 17,194 (31.9)
2-3 38,633 (60.6) 5594 (56.9) 33,039 (61.3)
>4 4305 (6.7) 604 (6.1) 3701 (6.9)
COPD, Chronic obstructive pulmonary disease; HMO, health maintenance organization; SD, standard deviation.
Data are presented as number (%) unless otherwise indicated.
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lyses described above.
RESULTS
Study population. Between 2005 and 2010, 9834 of
the 63,768 patients (15.4%) with CLI or ALI were
admitted on the weekend. Patients admitted on the week-
end were less likely to have CLI than those admitted on a
weekday (51.2% vs 65.4%; P < .001; Table I) and were
more likely to present with ALI than patients admitted
during a weekday (48.8% vs 34.5%; P < .001). Weekend
admissions patients were more likely to be female (50.8%
vs 47.5%; P < .001) and less likely to have diabetes (37.2%
vs 41.7%; P < .001), chronic kidney disease (23.3% vs
25.0%; P < .001), and dialysis-dependence (8.8% vs
10.0%; P < .001). Weekend admission patients were more
likely to have chronic obstructive pulmonary disease than
weekday patients (25.6% vs 24.4%; P ¼ .01). Overall,
weekend admission patients had lower Charlson Comor-
bidity Index scores than weekday admission patients
(P < .001).
Insurance status. Of patients admitted to the hospital
over the weekend, 79.1% had government insurance,
17.0% had private insurance, and 3.8% were uninsured,
compared with 80.8%, 16.4%, and 2.7% of weekday pa-
tients, respectively (P < .001).
Revascularization. Overall, 57.4% of patients under-
went revascularization during their hospitalization, with
58.4% of weekend admission patients undergoing revascu-
larization compared with 57.2% of weekday admission
patients (P ¼ .03; Table II). The median time torevascularization for weekend admissions and weekday
admission was 1 day (interquartile range [IQR], 0-4 days)
for both, and statistically different (P ¼ .18).
Amputation. Overall, 10.4% of patients underwent
minor amputation, although weekend admission patients
were signiﬁcantly more likely to undergo a minor amputa-
tion (8.7% vs 10.7%; P < .001; Fig). They were also more
likely to undergo major amputation (18.6% vs 19.3%),
although the difference did not achieve statistical signiﬁ-
cance (P ¼ .08).
Complications and death. Complications occurred in
21.3% of patients, although weekend admission patients
were signiﬁcantly more likely to have a complication
(24.2% vs 20.8%; P < .001). Pulmonary complications
(3.0% vs 2.5%; P ¼ .008), wound complications (4.8% vs
4.3%; P ¼ .06), acute renal failure (13.0% vs 10.5%; P <
.001), stroke (0.3% vs 0.2%; P ¼ .01), bleeding (6.9% vs
6.1%; P ¼ .004), and compartment syndrome (1.1% vs
0.5%; P < .001) were more likely in patients admitted on
the weekend. Of the patients admitted, 4.6% died during
their hospitalization, and death was more likely in patients
admitted during the weekend (5.8% vs 4.4%; P < .001).
Hospital length of stay and discharge location.
Weekend admission patients and weekday admission
patients had similar median lengths of stay of 7 days
(IQR, 4-12 days) for both; however, despite similar me-
dians and IQRs, the difference between the two groups
was statistically signiﬁcant (P < .001). The length of stay
between the groups was not different but the statistical sig-
niﬁcance remained when outliers were excluded and when
stratiﬁed by mortality. We were unable to detect from a
Table II. Critical limb ischemia (CLI) and acute limb ischemia (ALI) patient outcomes by weekend vs weekday
admission
Variable Overall (N ¼ 63,768) Weekend (n ¼ 9834) Weekday (n ¼ 53,934) P value
Revascularization 36,575 (57.4) 5739 (58.4) 30,836 (57.2) .03
Days until revascularization, median (IQR) 1 (0-4) 1 (0-4) 1 (0-4) .18
Amputation
Minor 6631 (10.4) 856 (8.7) 5775 (10.7) <.001
Major 12,245 (19.2) 1825 (18.6) 10,420 (19.3) .08
Any complication 13,617 (21.3) 2379 (24.2) 11,283 (20.8) <.001
Pulmonary 1650 (2.6) 293 (3.0) 1357 (2.5) .008
Cardiac 782 (1.2) 111 (1.1) 671 (1.2) .34
Wound 2803 (4.4) 468 (4.8) 2335 (4.3) .06
Acute renal failure 6943 (10.9) 1275 (13.0) 5668 (10.5) <.001
Stroke 122 (0.2) 29 (0.3) 93 (0.2) .01
Bleeding 3974 (6.2) 676 (6.9) 3298 (6.1) .004
Compartment syndrome 366 (0.6) 104 (1.1) 262 (0.5) <.001
Died 2961 (4.6) 575 (5.8) 2386 (4.4) <.001
Discharge to a skilled nursing facility 24,682 (41.9) 3871 (43.5) 20,811 (41.6) .001
Length of stay, median (IQR), days 7 (4-12) 7 (4-12) 7 (4-12) <.001
Charges, median (IQR), $ 16,085 (9347-26,432) 17,094 (9844-27,911) 15,865 (9262-26,151) <.001
IQR, Interquartile range.
Data are presented as number (%) unless otherwise indicated.
Fig. Complications and discharge by weekend vs weekday admission. aP < .01 or bP < .001 indicating statistically
signiﬁcant differences in the incidences of complications between weekend and weekday admissions. SNF, Skilled
nursing facility.
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plots, and Kaplan-Meier curves) any meaningful, system-
atic differences between the groups in length of stay.
Weekend admission patients were more likely to be dis-
charged to a skilled nursing facility than patients admitted
on a weekday (43.5% vs 41.9%; P ¼ .001).
Multivariable analysis of weekend admission and
revascularization. After adjusting for presenting diagnosis
(CLI vs ALI), age, race, sex, insurance status, Charlson
Comorbidity Index score, comorbidities (history of
myocardial infarction, peripheral vascular disease, chronicobstructive pulmonary disease, diabetes mellitus, and
chronic kidney disease), and hospital characteristics (size,
urban vs rural location, and teaching status), weekend
admission was associated with a 10% decrease in the likeli-
hood of undergoing revascularization (adjusted odds ratio
[aOR], 0.90; 95% conﬁdence interval [CI], 0.85-0.95; P <
.001; Table III). The predicted mean number of days until
revascularization was 3.09 in patients admitted on the
weekend (95% CI, 2.93-3.25 days) and 2.75 for patients
admitted on a weekday (95% CI, 2.68-2.81 days; P <
.001). The median number of days until revascularization
Table III. Critical limb ischemia (CLI) and acute limb ischemia (ALI) patient-adjusted outcomes by weekend vs
weekday admission
Variable aORa (95% CI) P value
Revascularization 0.90 (0.85-0.94) <.001
Major amputation 1.35 (1.19-1.53) <.001
Any complication 1.18 (1.11-1.25) <.001
Died 1.14 (0.97-1.33) .10
Discharge to skilled nursing facility 1.15 (1.06-1.25) .001
Predicted mean (95% CI)
Weekend admission Weekday admission
Days until revascularization 3.09 (2.93-3.25) 2.75 (2.68-2.81) <0.001
Length of stay, days 10.08 (9.89-10.27) 9.51 (9.43-9.59) <0.001
aOR, Adjusted odds ratio; CI, conﬁdence interval.
aaOR <1 indicates lower likelihood of the event with weekend admission, and aOR >1 indicates higher likelihood of the event with weekend admission.
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was 2 days (IQR, 0-4 days) for patients admitted on the
weekend and 2 days (IQR, 0-6 days) for patients admitted
during a weekday (P ¼ .06).
Multivariable analysis of weekend admission and
amputation. After adjusting for the aforementioned vari-
ables and revascularization, days until revascularization,
and the performance of a minor amputation, weekend
admission was associated with a 35% increase in the odds
of a major amputation (aOR, 1.35; 95% CI, 1.19-1.53;
P < .001). Revascularization was associated with a 53%
decrease in the odds of major amputation (aOR, 0.47;
95% CI, 0.29-0.76; P ¼ .002) and every day that revascu-
larization was delayed was associated with a 5% increase in
the odds of major amputation (aOR, 1.05; 95% CI, 1.04-
1.06; P < .001).
Multivariable analysis of weekend admission and
complications and death. In multivariable regression,
weekend admission was associated with an 18% increase in
the odds that a complication would develop while in the
hospital (aOR, 1.18; 95% CI, 1.11-1.25; P < .001). Major
amputation was also associated with the development of a
complication (aOR, 1.66; 95% CI, 1.57-1.75; P < .001).
Weekend admission was associated with a 13% increase
in the odds of death (aOR, 1.13; 95% CI, 0.97-1.33; P ¼
.11), although the association did not reach statistical sig-
niﬁcance. Of note, major amputation was associated with
a 2.36-fold increase (95% CI, 1.97-2.83-fold; P < .001)
in the odds of death, and the development of a complica-
tion was associated with a 3.79-fold increase (95% CI,
3.34-4.30-fold; P < .001) in the odds of death.
Multivariable analysis of weekend admission, hos-
pital length of stay, and discharge location. After adjust-
ing for revascularization, death, the development of
complications, major amputation, minor amputation,
presenting diagnosis (CLI vs ALI), age, race, sex, insurance
status, Charlson Comorbidity Index score, comorbidities
(history of myocardial infarction, peripheral vascular
disease, chronic obstructive pulmonary disease, diabetesmellitus, and chronic kidney disease), and hospital charac-
teristics (size, urban vs rural location, and teaching status),
weekend admission was associated with a predicted length
of stay of 10.08 days (95% CI, 9.89-10.28 days) compared
with 9.51 days (95% CI, 9.43-9.59 days; P < .001) for
patients admitted on a weekday. After adjusting for revascu-
larization, the development of complications, major ampu-
tation, minor amputation, presenting diagnosis (CLI vs
ALI), age, race, sex, insurance status, Charlson
Comorbidity Index score, comorbidities (history of myocar-
dial infarction, peripheral vascular disease, chronic obstruc-
tive pulmonary disease, diabetes mellitus, and chronic
kidney disease), and hospital characteristics (size, urban vs
rural location, and teaching status), weekend admission
was associated with a 15% increase in the likelihood of
discharge to a skilled nursing facility (aOR 1.15; 95% CI,
1.06-1.25; P ¼ .001). Major amputation was also signiﬁ-
cantly associated with discharge to a skilled nursing facility
(aOR 13.43; 95% CI, 11.63-15.51; P < .001).
DISCUSSION
In this study, we demonstrated a weekend effect exists
for lower extremity vascular emergencies. Speciﬁcally, for
patients admitted emergently with CLI or ALI, admission
on the weekend was independently associated with a 10%
decrease in the likelihood of undergoing revascularization
(aOR, 0.90; 95% CI, 0.85-0.94; P < .001), a longer
time until revascularization (3.09 days vs 2.75 days; P <
.001), a 35% increase in the odds of a major amputation
(aOR, 1.35; 95% CI, 1.19-1.53; P < .001), an 18% in-
crease in the odds of developing a complication while in
the hospital (aOR, 1.18; 95% CI, 1.11-1.25; P < .001),
a 15% increase in the odds of discharge to a skilled nursing
facility (aOR, 1.15; 95% CI, 1.06-1.25; P ¼ .001), and a
longer predicted length of stay (10.08 days vs 9.51 days;
P < .001).
Our ﬁndings of worse outcomes for patients with lower
extremity ischemic emergencies admitted on the weekend,
although novel, are consistent with other cardiovascular
JOURNAL OF VASCULAR SURGERY
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been demonstrated in a number of cardiovascular-speciﬁc
conditions across a host of outcomes. Weekend admission
for ruptured and unruptured abdominal aortic aneurysm is
associated with increased mortality.1,21 Patients with acute
myocardial infarction who are admitted on the weekend are
less likely to receive invasive cardiac interventions and have
longer door-to-balloon times, consistent with our ﬁndings
of a lower likelihood of lower extremity revascularization
for patients admitted on the weekend and longer delays
in revascularization.22,23 Similarly, patients admitted over
the weekend for atrial ﬁbrillation are less likely to undergo
cardioversion and are more likely to wait longer for cardio-
version. They experience longer hospitalizations and higher
mortality.24 In heart failure, length of stay and odds of
dying are higher in patients admitted on the weekend.25
Poorer survival has also been demonstrated in patients pre-
senting on the weekend with acute pulmonary embolus.26
Of all the cardiovascular diseases, stroke has been the
most widely studied for the presence of a weekend effect.
Weekend admission has been associated with delayed
admission,27 lower likelihood of admission to a dedicated
stroke unit,28 decreased odds of receiving same-day neuro-
logic imaging,29 lower odds of discharge to the usual place
of residence,30 and increased mortality.29-33 We did not
ﬁnd a statistically signiﬁcant association between weekend
admission and mortality, although major amputation and
the development of a complication, which were both asso-
ciated with weekend admission, were signiﬁcantly associ-
ated with an increased odds of death. On subgroup
analysis, the relationship between weekend admission and
mortality was mediated by the need for major amputation
and the development of in-hospital complications in the
weekend group.
A variety of explanations for this weekend effect have
been proposed, including lighter weekend stafﬁng with
more junior staff, fewer available operating and interven-
tional room nurses, more cross-cover and therefore more
patient care hand-offs, lack of availability of diagnostic
and procedural services, and a lower likelihood of proce-
dures being performed over the weekend, as was seen in
the current study, and fatigue of the operating surgeons
at the end of the work week. That there are factors related
to the patients themselves is also possible; in other words,
they may be sicker and less likely to have access to primary
care. Although patients admitted over the weekend in the
current study were relatively healthier than those admitted
on a weekday, as can be seen by the lower Charlson score,
they were more likely to be uninsured. This would suggest
that outcomes in nonelective vascular emergencies may be
driven by a lack of access to care rather than overall health.
Similar results have been shown in patients undergoing
infrainguinal bypass surgery, in which a lack of access to
care was associated with inferior outcomes secondary to
presentation at a later stage of the disease process.34
Possible solutions to these disparities may be found in
expanding services and stafﬁng to seven days per week.
In England, the National Health Service has committedto adopting 10 broad, evidence-based standards by 2017
to help eliminate disparities in care for patients urgently
and emergently admitted to the hospital on the weekend.35
However, in an increasingly resource-constrained environ-
ment in medicine, these solutions will inevitably be inﬂu-
enced by ﬁnancial and human capital limitations.
Several studies have reported comparable results for
stroke patients admitted on the weekend at comprehensive
stroke centers that are mandated to have higher levels of
coverage and availability of services and are increasingly be-
ing scrutinized for delays in stroke care.36-38 A similar phe-
nomenon has been seen in the ﬁeld of trauma. Across
dedicated high-level trauma centers, there appear to be
no differences in mortality or hospital length of stay for pa-
tients admitted over the weekend compared with patients
admitted on a weekday.39-42 Presumably, large hospitals
and teaching hospitals, even in the absence of specialized,
pathology-speciﬁc teams and services, would be better
equipped to manage effectively lower extremity ischemic
emergencies; however, our subgroup analyses that were
restricted to large hospitals and separately to teaching hos-
pitals found that the same disparities existed. Perhaps,
given no differences found based on hospital size or teach-
ing status, a dedicated limb preservation team would result
in earlier time to revascularization and improved overall
outcomes.43,44
Limitations of this study are primarily related to its
retrospective nature and the granularity of clinical details
in the NIS, such as duration of patient symptoms and the
severity of peripheral artery disease, which limit our ability
to draw causal inferences. Furthermore, all data in this na-
tional database are deidentiﬁed, precluding evaluation of
longitudinal outcomes, including hospital readmissions
and postdischarge outcomes. The NIS, however, allowed
us to make national estimates of the weekend effect on a
variety of outcomes, and by eschewing the use of large reg-
istries limited to surgical patients such as the National Sur-
gical Quality Improvement Program or the Vascular
Quality Initiative, we were able to estimate the effect of
weekend admission on the likelihood of revascularization.
An additional limitation is that a moderate amount of
data were missing for several variables, namely race and
days until revascularization. Fortunately, most of the
missing data in both variables were from states that did
not report these variables during all or part of the study
period, which minimizes bias related to differential report-
ing based on day of admission.
In this study of lower extremity vascular emergencies,
we included patients with CLI and ALI, although these
two groups likely have differing clinical courses that reﬂect
the more time-sensitive nature of ALI to intervention,
particularly because of the absence of collateral circulation
frequently seen in CLI45,46; however, we included the pre-
senting diagnosis (ALI vs CLI) as a factor in all of the
multivariable analyses to account for known differences in
outcome between these two groups.
Although a strength of this study is that the NIS is the
largest record of inpatient health care data in the United
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1578 Orandi et al December 2014States,47 the large sample size increases the probability of a
type II error. However, across multiple sensitivity and sub-
group analyses, our ﬁndings were consistent; namely, that a
weekend effect exists and was consistently seen across the
same outcomes (likelihood of revascularization, amputa-
tion, development of complications, length of stay, and
discharge to a skilled nursing facility), suggesting that these
ﬁndings are not simply a type II error.47
CONCLUSIONS
Weekend admission for lower extremity vascular emer-
gencies is independently associated with a lower likelihood
of undergoing revascularization, delays in revascularization,
a higher likelihood of major amputation and in-hospital
complications, as well as a longer length of stay and
increased likelihood of discharge to a skilled nursing facil-
ity. The causes of these disparities are not related to the
presenting diagnosis with ALI or CLI, and further study
is needed to determine if dedicated limb preservation teams
will lead to improved outcomes on the weekend.
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Supplementary Table I (online only). International Classiﬁcation of Diseases-Ninth Revision (ICD-9) diagnosis codes
for lower extremity trauma, complications and comorbidities
Event ICD-9 diagnosis code
Lower extremity trauma 904.0, 904.1, 904.3, 904.40-42, 904.50-54, 904.6-9, 908.3, 908.6, 908.9, 958.8, 958.92
CLI 440.22-24
ALI 444.0, 444.22, 444.81, 445.02
Pulmonary complications 482.0-2, 482.30-2, 482.30, 482.40-2, 482.49, 482.8, 482.81-4, 482.89, 482.9, 518.5, 997.3,
997.31, 997.39
Wound complications 998.3, 998.30-2, 998.5, 998.51, 998.59, 998.12-3
Acute renal failure 584, 584.5-9, 584.0, 788.5, 997.5
Stroke 997.02
Bleeding complications 285.1, 998.1, 998.11
Cardiac complications 997.1, 410, 410.1-9,
Compartment syndrome 729.72
ALI, Acute limb ischemia; CLI, critical limb ischemia.
Supplementary Table II (online only). International Classiﬁcation of Diseases-Ninth Revision (ICD-9) procedure
codes for revascularization and amputations
Procedure ICD-9 procedure code
Revascularization 00.46-8, 00.55, 38.88, 39.25, 39.29, 38.08, 38.14, 38.18, 38.38, 38.48, 39.56-8, 38.04,
39.50, 39.90, 99.10, 99.19
Minor amputation 841.1-2
Major amputation 841.4-7
Revision of amputation stump 84.3
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